A method for asymmetric alkyl-alkyl Suzuki reactions of unactivated secondary alkyl electrophiles, specifically, cross-couplings of racemic acylated halohydrins with alkylborane reagents, has been developed. A range of protected bromohydrins, as well as a protected chlorohydrin and a homologated bromohydrin, are coupled in good ee by a catalyst derived from commercially available components.
in organic synthesis. In this report, we describe a method for enantioselective Suzuki reactions 5 of a new family of unactivated secondary alkyl electrophiles, acylated halohydrins (eq 1). (1) In 2008, we established that homobenzylic bromides serve as suitable substrates for nickelcatalyzed asymmetric Suzuki reactions, thereby furnishing the first examples of enantioselective cross-couplings of unactivated secondary alkyl electrophiles (eq 2). 2 Although this study provided proof-of-principle for such processes, homobenzylic halides are a relatively uncommon substructure in organic molecules. We were therefore intrigued by our observation that low enantioselectivity is obtained when an ether is present in the R substituent of the electrophile (eq 2: 40% ee for R = CH 2 OBn, Ar = Ph, and R 1 = n-Hex). We speculated that this anomalous result might be a manifestation of coordination of the ether oxygen to the nickel catalyst. (2) In view of the pervasiveness of oxygen-containing functional groups in organic molecules, we decided to pursue the possibility that this interaction could be exploited in the development of a method for the asymmetric cross-coupling of oxygenated, unactivated electrophiles. After a series of optimization studies, we determined that a racemic acylated bromohydrin can be coupled with an alkylborane by a chiral nickel/diamine catalyst (both components are commercially available and can be handled in air) in good ee and yield at room temperature (entry 1 of Table 1 ; 94% ee and 80% yield). Table 1 provides information about the effect of a number of reaction parameters on the efficiency of this new stereoconvergent Suzuki reaction. In the absence of NiBr 2 ·diglyme, ligand 1, or KOt-Bu, essentially no cross-coupling is observed (entries 2-4). The conditions that were developed for asymmetric Suzuki couplings of homobenzylic bromides (eq 2) furnish only a small amount of product (18% yield; entry 5), due to the inferiority of Ni(cod) 2 , ligand 2, and i-BuOH, relative to NiBr 2 ·diglyme, ligand 1, and n-hexanol (entries 6-8). TBME can be employed in place of i-Pr 2 O as the solvent, at the expense of a slight erosion in ee (entry 9). Use of less alkylborane or catalyst results in a lower yield (entries 10 and 11). Other acyl protecting groups can be utilized, although there is a modest erosion in enantioselectivity and/ or yield (entries 12-15).
We have examined the scope of this catalytic asymmetric alkyl-alkyl cross-coupling with respect to both the electrophilic and the nucleophilic partner ( Table 2) . 6 In the case of the racemic electrophile, for R substituents that range in size from methyl to isobutyl, the Suzuki reaction proceeds with uniformly good ee (≥90% ee; entries 1-10). In addition, an array of alkylboranes serve as suitable nucleophiles, including substrates that bear a silyl ether (entry 3), an aryl alkyl ether (entry 4), an acetal (entry 6), and an aryl fluoride (entries 7 and 10). 7 This new stereoconvergent method is effective for asymmetric alkyl-alkyl Suzuki reactions not only of racemic acylated bromohydrins, but also of chlorohydrins (eq 3); this represents the first example of an enantioselective cross-coupling of an unactivated secondary alkyl chloride. The carbamate protecting group can be cleaved in very good yield without eroding the ee (eq 4). We have begun to investigate asymmetric Suzuki reactions of homologues of the acylated halohydrin electrophiles described above. In an initial study, we determined that, under the conditions optimized for bromohydrins, we obtain promising ee and yield for the crosscoupling of a racemic acylated homologue (eq 5). 8 Importantly, simply by modifying the structure of the ligand, the desired stereoconvergent alkyl-alkyl Suzuki coupling can be accomplished with very good enantioselectivity (eq 5; ligand 2 is commercially available). (5) In summary, we have developed a method for asymmetric alkyl-alkyl Suzuki reactions of unactivated secondary alkyl electrophiles, specifically, cross-couplings of racemic acylated halohydrins with alkylborane reagents. A range of protected bromohydrins, as well as a protected chlorohydrin and a homologated bromohydrin, are coupled in good ee by a catalyst derived from commercially available components. This investigation is only the second report of an asymmetric cross-coupling of an unactivated secondary alkyl electrophile, and it represents an advance with respect to utility, enantioselectivity, and versatility. Additional efforts to develop useful new coupling reactions of alkyl electrophiles are underway.
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